other hand, the share of potentially active population, aged 15-64 years, which was 56.1% by 1996 will rise up to its highest level in 2040 (71%), and by 2050 the ratio of this age group will be dropped back to 64.7%. 3 This situation will lead to labor shortages and increase the share of work force from middle and older ages. From the occupational health point of view, ageing process is along with a progressive impairment of health and functional capacity, 4 which causes an imbalance between human resources and work demands. Functional aging is assumed as a decrease in work ability, which may precede chronological aging. 5 It is well known that enhancing work ability of older workers would be helpful in both retaining workers and reducing early retirements. 6 The concept of work ability is defined as the ability of a worker to perform his/her job, with respect to work demands, health, and mental resources. 7 In this context, identification of simple methods in order to monitor employees' work ability is important. 6 One of the new and relatively inexpensive and uncomplicated instruments for assessing work ability is the work ability index (WAI) questionnaire. 8 The WAI questionnaire has been developed, based on the stress-strain concept and balance model, by the Finnish Institute of Occupational Health (FIOH) in the early 1980s. WAI is widely applied for conceptualizing the work ability 9 by obtaining information related to diseases, functional limitations, sick leave, and mental resources. 6 One of the special features of the WAI is that by evaluating individuals' WA periodically, it is possible to determine the period a worker can continue his/her professional activities, and with its successive follow-up a clear trend of changes in their work ability can be obtained. This index has been widely applied in occupational health surveys in order to identify workers and working environments that need supportive measures. Also, this tool can be helpful in adopting preventive strategies in any work settings. 10 Today, the WAI questionnaire has gained international application, and it is available in almost 30 languages. This wide use of WAI has provided good possibilities for development of the international networks and databanks in many European (Finland, Germany, and the Netherlands), Asian (Japan, South Korea, and Taiwan), Australian, and South American (Brazil) countries.
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In Iran, studies pertinent to employees' work ability are very rare. Recently, some investigations have been done on determining WAI among industrial and health care workers. [12] [13] [14] However, validity and reliability of the Persian version of WAI is not well documented, with respect to progressing growth of the aging working population in Iran. As, in the study by Abdolalizadeh et al, which was done under supervision of the main author of the current study, they tried to determine the psychometric properties of Iranian version of WAI questionnaire among health care workers with age more than 40 years old. 13 Regarding this study, the population and age were limited. Considering these limitations, therefore, current study was aimed to assess validity and reliability of Persian translation of WAI questionnaire among a broader range of jobs as well as age distribution in employees of two large industries in Iran, including petrochemical and car manufacturing companies.
| MATERIALS AND METHODS

| Subject and study design
This cross-sectional study is carried out among 750 employees, working in two Iranian petrochemical and automotive companies. The participants were chosen based on stratified random sampling. The questionnaires were distributed among the selected samples. However, 712 questionnaires were returned including 67 incomplete questionnaires with the response rate of 86%.
| WAI questionnaire
The second revised edition of WAI questionnaire was used in the current study. This questionnaire covers 7 items. Items 2, 3, and 7 are consisting of 2, 14, and 3 sub-item, respectively. Each item has a different score, and a higher score indicated better work ability. The WAI scores were calculated according to the standard method provided by the FIOH. 15, 16 The first part of the WAI included demographic characteristics such as gender, age, education, vocational/professional training, current and previous job, tasks, job groups, department name, and job demand (mental or physical). The second part of the WAI consisted of 7 items, including(item, score range),current work ability compared with the lifetime best (item 1, 0-10), work ability in relation to the demands of the job (item 2, 2-10), number of current disease groups diagnosed by a physician (item 3, 1-7), estimated work impairment due to diseases (item 4, 1-6), sick leave during the past year (item 5, 1-5),personal prognosis of work ability for 2 years from now (item 6, 1,4 or 7) and mental resources, referring to the workers life in general, both at work and during leisure time(item 7, 1-4). The number in parentheses for each item indicates the scoring range. The total WAI score is calculated by summing up the scores of all items and is ranged from 7 to 49. The total WAI scores are categorized into 4 levels: poor , moderate (28-36), good (37-43), and excellent (44-49).
| Linguistic validation
Linguistic validity of the questionnaire was assessed using a forward and backward translation methodology. In the first stage, after getting agreement from FIOH for preparation and translation of the questionnaire, WAI questionnaire was then translated into Persian language by the authors. Moreover, relevancy, clarity, and simplicity of each item of the Persian version were reviewed by an expert panel consisting of ergonomics and occupational health professors and the changes were incorporated in the questionnaire. In the second stage, the final Persian version was translated back into English by two qualified English translator, blind to the original English version. The prepared English version was sent to be reviewed by the FIOH experts. After some minor corrections, linguistic validity of the questionnaire was confirmed in final version of the translated questionnaire.
In order to validate the conceptual equivalence between the original English version and the Persian version, cognitive debriefing, and to assess the understanding of the instrument by the target population, a pretest was conducted with a sample of 40 respondents. Based on received responses, none of the participants reported any ambiguity in comprehension of the items.
| Statistical analysis
Data analysis was done using SPSS software, version 16. Reliability was assessed using internal consistency and test-retest analyses. Regarding internal consistency, the Cronbach α coefficient was computed, and a Cronbach's α ≥ 0.70 was considered satisfactory. In order to assess the test-retest reliability, 10% of the study population participated in a pilot study. The questionnaires were filled out by the respondents twice, with a 2-week interval, and the Intraclass correlation coefficient (ICC) was calculated, considering ICCs ≥ 0.70 acceptable for test-retest reliability.
Exploratory factor analysis of principal components followed by a varimax rotation method was used to evaluate factor structure of the WAI, considering eigenvalues greater than 1. Factor loading values of 0.40 or more were taken into accounts indicators of significant factorial contribution. In addition, the same analysis was done to assess factor structure of items 2, 3, and 7, which consisted of 2, 14, and 3 sub-items, respectively.
Using known-group technique, discriminant validity was assessed by comparing items of WAI between workers with high and low sick leave rate (using Mann-Whitney test). According to previous studies, 5 reported up to 9 days' sick leave during the past 12 months were considered as low sick leave group, and those who reported 10 or more days' sick leave, in the same period, was considered as high sick leave group. Pearson correlation coefficient was employed to assess each item correlation with the total score of WAI item. Correlation coefficient of 0.40 or above was considered satisfactory. 12 
| RESULTS
| Descriptive result
All participants were male with a mean age of 37.4 years old (SD = 9.68 years; age range 23-66 years). They had a mean job tenure of 13.1 years (SD = 9.64), who were predominantly shift workers (69.3%), married (86.5%) with college education (83.6%). Regarding professions of the participants, they were comprised of both blue-collar and whitecollar workers. Blue-collars were consisted of gas-field workers (24.80%), maintenance workers (18.75%), laboratory technicians (5.58%), fire fighters (4.18%), painter workers (9.76%), and fabrication and assembly workers (9.14%), while white collar workers (27.8% of the total participants) were mainly office employees such as accountants, engineers, managers, and so on. Considering WAI score, the mean value was 38.1(SD = 5.5), ranged from 21 to 47. Overall, 19.1% of workers were in the excellent, 44.5% in the good, 33% in the moderate, and 3.4% in the poor categories. Table 1 presents the characteristics of the study population, mean WAI scores, and the categorization of WAI with respect to age groups, employment type, job tenure, working schedule, educational level, and marriage status. Statistical analysis showed that the manway score was influenced by age, job tenure, education level, and type of employment. However, working schedule and marriage status had no significant effect on the mean WAI score (Table 1) .
Distribution of data was non-normal in this study, as the Mann-Whitney test showed. Therefore, a non-parametric test was used for statistical analysis.
Distribution of study population regarding their scores for each item of WAI questionnaire is presented in Table 2 . Additionally, Table 3 shows the prevalence of disease groups in the study population and the corresponding WAI scores. The frequency (and the present) of each diseases was accounted based on age groups and WAI score was respectively calculated for each age group according to the WAI guideline.
As can be seen, WAI scores of employees with diseases diagnosed by a physician decreased in most successive age groups, except for 50-66 years old in a few cases of disease such as Skin disease, Metabolic tumor. Also, blue-collar employees had lower WAI scores in all of the cases of disease groups than white-collar employees. 
| Reliability
The Cronbach's alpha coefficient for WAI was 0.78, and exclusion of any of the questions did not alter this result. The Cronbach α coefficient for each item of WAI questionnaire showed satisfactory internal consistency (see Table 4 ). The ICC showed that the questionnaire had a dependable consistency (ranged from 0.76 to 0.94) between 2-week intervals (see Table 4 ). Therefore, it is supposed that applying WAI questionnaire will have a good reducibility among different population considering the appropriate Alpha score of 0.78.
| Validity
| Construct validity
Factor analysis with varimax rotation showed that a threefactor structure model was appropriate for the Persian version of the WAI questionnaire ( Table 5 ). The total contribution of the three factors explained 65.02% of the variance. Item 7, reflecting mental recourses and covered by three questions, formed the first factor with 37.6% of the total variance. The second factor was associated with the worker's perception of his/her work ability covered by items 1(current work ability compared with the life time best) and 2(work ability in relation to the demands of the job) with 16.6% of the total variance. Items related to the presence of disease groups and health-related restrictions, including items 3 (number of current disease groups diagnosed by a physician), 4 (estimated work impairment due to diseases), 5 (sick leave during the past year), and 6 (personal prognosis of work ability 2 years from now), formed the third factor with 10.9% of the total variance.
The results of exploratory factor analysis for assessing factor structure of item 2 showed that its sub-items were loaded onto one-factor. Sub-item "current work ability in relation to physical demands" with a factor loading of 0.9 explained 81.7% of the total variance, and sub-item "work ability in relation to mental demands" with a factor loading of 0.9 explained 18.2% of the total variance. In regard to item 7, a one-factor structure was also found. Sub-items including "enjoying daily tasks" with a factor loading of 0.88, "optimistic about the future" with a factor loading of 0.9, and "activity and life spirit" with a factor loading of 0.81 explained 74.9%, 16.2%, and 8.8% of the total variance, respectively.
Fourteen sub-items related to item 3, were loaded onto six-factor with a clearer situation for following sub-items: birth defects (factor loading = 0.66), tumor (factor loading = 0.64), and neurological and sensory diseases (factor loading = 0.62). The total contribution of six factors explained 53.9% of the variance. The first factor consisted of musculoskeletal disease, cardiovascular disease, respiratory disease, and neurological and sensory diseases (13.1% of the total variance). The second factor was related to endocrine and metabolic diseases (8.9% of the total variance). The third factor was skin disease and other disorders (8.7% of total variance). The forth factor was tumor (8.1% of total variance). Birth defects and skin diseases formed the fifth factor (7.8% of total variance), and the sixth factor was related to genitourinary diseases (7.2% of total variance). Table 6 shows how much each item correlates with the overall WAI score. As can be seen, all items had an item-total score correlation of 0.40 Cronbach's α coefficient for 2 sub-items related to "work ability in relation to job demands" b Cronbach's α coefficient for 14 sub-items related to "number of current diseases diagnosed by physician" c Cronbach's α coefficient for 3 sub-items related to "mental resources"
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and higher, revealing the satisfactory consistency between items. 
| Discriminant validity
The results of Mann-Whitney test yielded significant differences (P < 0.001) in mean WAI scores between workers with high (34.42 points) and low (39.45 points) sick leave rates, discriminating groups of workers with different sick leave rates.
| DISCUSSION
Since Iranian population will be faced with the aging phenomenon in the near future, considering valid and reliable tool for monitoring work ability as well as developing preventive strategies among working population is of crucial importance. This research assessed various aspects of validity and reliability of the Persian version of an applicable instrument for measuring work ability, the WAI questionnaire. The average WAI obtained in this study (mean age of participants 37.4 years old) was 38.1(SD = 5.5), which is in good level of work ability. Considering participants' occupations in this research, which were mostly physically demanding jobs (72.2% blue collar workers), findings of other similar studies have reported higher value of WAI score comparing the current result. For instance, among Belgium firefighters(mean age of 51.5 years old), 17 and Dutch construction workers(mean age of 51 years old), 18 who were on average more than 10 years older than participants of the present study, mean WAI scores were 40.6 and 40.5, respectively. In addition, the distribution of work ability showed that 36.4% of workers were at the poor-moderate work ability level, which is almost 2.2 times the values reported by FIOH for middle-size industrial enterprises. 8 In line with previous studies, 13, 19 WAI score was related negatively to age and job tenure in a way that it decreased in successive age groups. In this study, the WAI decreased in the age group of 40-49, which placed it at the moderate work ability level. This result is consistent with the study conducted 20 among Finnish police officers who found a steeper slope of WAI score in the age group 40-49 years old. According to findings, there was a statistically significant difference in WAI score among individuals with different educational levels. A higher educational level is related to a more job skill level and a better social and job opportunity, and consequently better work ability and health status. In this study, blue-collar workers showed higher prevalence of all disease groups and lower levels of work ability comparing to white collar workers. Similarly, the result of research 22 showed an increased risk of all-cause mortality among Japanese male workers engaged in blue-collar jobs than workers in white-collar jobs. Poor work condition existing in blue-collar jobs probably make workers more expose to health-related problems. 23, 24 In general, blue-collar workers perform tasks which are predominantly physical or a combination of physical and mental demands, and also have little control over the amount of effort that is required for their job. 23 According to the Finnish Institute of Occupational Health studies, these factors contribute to early exit from work and work disability. In contrast, white-collar workers generally perform resourceful jobs with more challenging tasks and control over their work. 23, 25 In the current study, the results of internal consistency and test-retest showed a good reliability of WAI questionnaire, which is in line with those found in previous studies. In this research, internal consistency, Cronbach α = 0.78, was similar to a recent study among Iranian health care workers with Cronbach's α = 0.77. 12 In the survey on workers of an electrical company in Brazil Cronbach's coefficient alpha was 0.72. 5 In an extensive international research, con- Concerning the test-retest reliability, the results of the present research showed no significant differences between the test and retest scores. Moreover, in the current study it was shown that overall agreement was good (ICC > 0.7). Although other researchers have used different intervals (7, 15, and 28 days) between the test and retest, WAI questionnaire showed satisfactory reliability. The mean scores of WAI and its sub-categories were found to be stable in the three following studies by Silva Junior et al, 2013, conducted among Brazilian nursing workers, within an interval of 7-15 days 18, 28 among Dutch construction workers; and in the study among Korean workers within a 4-week interval. 29 Factor analysis showed a three-factor structure model for the Persian version of WAI, which is in agreement with its original structure and confirms the valid construct of this instrument. WAI items loaded onto three-factors including: "mental resources," "self-perception of work ability," "disease and health-related restrictions." This finding is in accordance with those studies performed in Iran 12 and in Brazil, 5 in the number of factors, their combination, and distribution of changes by the extracted factors. However, two-dimension models have been also reported in literature for the structure of WAI questionnaire. In an investigation conducted in European countries, 26 among 10 different studied versions of WAI, eight versions had a two-factor structure model and two versions had a one-factor structure model. A two-factor structure model has been also suggested for the Greek 19 and Germany 30 versions of WAI.
In all of these above-mentioned studies, the first factor is interpreted as "subjectively estimated work ability" and the second factor as "objective health status." In the present study, based on the results of factor analysis it was concluded that only one question is sufficient to interpret items 2 reflecting work ability in relation to the demands of the job and item 7 reflecting worker's life in general. On the other hand, there was a clear grouping of 10 out of 14 sub-items related to item 3 onto six-factor, with the strongest role belonged to birth defects, tumor, and neurological and sensory diseases.
Furthermore, a good level of discriminant validity was observed in this research for workers with different sick leave rates, which is similar to recent studies conducted among Iranian nurses 12 and Brazilian electric company workers (Martinez et al 2009) . However, This finding is in contrast with those conducted in 10 European populations 26 which found the highest discriminant power for items 1 (current work ability compared with the lifetime best)and 2 (work ability in relation to the demands of the job), and the lowest for items 3 and 5. Besides, all items had acceptable correlation coefficients with total WAI score, which shows an acceptable discriminant power between items. However, a previous research by Radkiewicz P. et al 26 reported a low correlation coefficient for item 5 and suggested it to be excluded from the questionnaire. A similar result was also found by Abdolalizadeh et al, 12 reporting a lower correlation coefficient (r = 0.32) for item 5, when compared to other items. Correlation coefficient for this item was 0.46 in the present study (Table 6 ). According to the findings in this study Persian version of WAI questionnaire has good psychometric properties. Particularly, it was examined in a wider range of jobs and age distribution among employees in two large industries in Iran. Therefore, this tool can be considered as a reliable instrument for assessing WAI in the future researches.
There was a similar validation study conducted by Abdolalizadeh et al entitled: "the psychometric properties of an Iranian translation of the work ability index (WAI) questionnaire" which was completed under supervision of the main author of the current study, as referenced on 2nd page, in "Methods" section, "Translation and Content Validity" part of that article. 12 Some discrepancies can be seen in validity and reliability tests of the two studies, other than the age as well as the job group differences which are reviewed in the introduction of the current paper. Regarding Table 2 , the number of population in the current study (645) was almost 3 times more than the Abdolalizadeh's study. Meanwhile, taking item 2 into account, work demand was higher among nurses and health care workers comparing to people work in the car manufacturing and petrochemical companies. Shift work and patient safety are two distinctive features of nursing work which may affect such subjective assessment of work demand in the study of the Abdolalizadeh et al 12 Therefore, it can be concluded that for validation study, having different variation of job and age groups with ofcourse a higher number of sample size can create a new perspective in the analytical study of the questionnaire validation.
What is more, in Abdolalizadeh's study, a overall rating was provided on the reliability study of WAI among nurses. Among 60 people a test-retest analysis was conducted with a score of 0.7 in that study. Whereas, in the current study, the analyses were done with more details considering ICC for all items of WAI as well as sub item of 3 main attribute of WAI questionnaire.
| LIMITATIONS
There were some limitations with this study that should be acknowledged. First, the sample population was composed of workers of only one gender. Indeed, WAI and also its attributes might be different among male and female samples due to physiologic as well as psychological differences among this group.
The second limitation of the current research was that although the validity and reliability calculations of the questionnaire seems desirable, one cannot be sure about correct understanding of the questions and concepts by workers in lower level jobs. Therefore, data collection for such groups should be done using practical methods such as interview, direct supervision during questionnaire filling and so forth on.
Third, age distribution was roughly similar among age groups in this study; however, the WAI scores may show another trend among younger people, as proposed by Kujala et al 31 Therefore, it is recommended to examine such trends in the future studies.
Lastly, in addition to the study of psychometric properties of WAI, the recommended interventions presented in WAI package should be taking in to account as the best benefit of applying WAI in various job settings.
For future study it is suggested that similar examinations are conducted among female workers. Also, adopting complete package of WAI among different job and age group would be more beneficial.
